Phytochemical profile and activity of anti-oxidative, anti-glycative, anti-α-amylase, anti-αglucosidase, anti-lipase and anti-acetylcholinesterase (AchE) of aqueous extracts prepared from leaf and stem parts of two edible Amaranthus species, white and red amaranths, were investigated. Phytochemical analyses showed that white amaranth had more total phenolic acids than red one. The content of total flavonoids in four examined aqueous extracts was similar. Red amaranth has greater anthocyanins and carotenoids than white one. All aqueous extracts at three concentrations were used for in vitro bio-activities experiments. Results showed that four aqueous extracts displayed radical scavenging effect, Fe 2+ chelating effect, xanthine oxidase inhibition, and reducing power. Aqueous extracts prepared from red amaranth exhibited marked anti-glycative effects, antiα-amylase, anti-α-glucosidase, anti-lipase, and anti-AchE activities. These findings suggested that these two vegetables could be developed as functional foods for diabetic prevention and/or attenuation.
Introduction
Amaranth species are often used as vegetable crops in Asian and African countries including China, Bangladesh, India, Zimbabwe, and Taiwan. Maroyi (2013) reported that many Amaranth species are crop plants with economic importance because of their nutritional and horticultural significance. In addition, some Amaranth species are valuable based on their ornamental or medicinal properties (Rastogi & Shukla, 2013) . There are two edible Amaranthus species commonly consumed in Taiwan, one is locally called white amaranth (Amaranthus inamoenus Willd), and the other is called red amaranth (Amaranthus gangeticus L.) ( Figure 1 ). Both leaf and stem parts of these two vegetables are edible. The marked purple-red color appears in leaf and stem parts of red amaranth strongly imply that this plant food contains special phytochemicals like anthocyanins and carotenoids. In fact, less attention is paid to the difference in the phytochemical profile between these two amaranths. Thus, our present study aimed to analyze the content of total phenolic acids, flavonoids, anthocyanins, and carotenoids in aqueous extracts prepared from leaf and stem parts of these two amaranths. Verma, Sisodia, and Bhatia (2002) reported that alcoholic extract of red amaranth leaves protected mice brain against radiation. The study of Anilakumar, Khanum, Sudarshanakrishna, and Santhanam (2004) revealed that the intake of dry red amaranth leaves improved dimethylhydrazine-induced hepatic oxidative injury in rats. Sani, Rahmat, Ismail, Rosli, and Endrini (2004) indicated that the intake of red amaranth aqueous extract decreased the activity of tumor marker enzymes such as gammaglutamyl transpeptidase, and alkaline phosphatase in rats. These previous studies suggested the medicinal values of red amaranth leaves. However, it is worthy to explore the nutritional benefits of red amaranth stem, white amaranth leaf, and white amaranth stem because these parts are also edible, at least in Taiwan. Therefore, several bio-functions such as anti-oxidative and antiglycative activities, inhibitory effects against α-amylase, α-glucosidase, lipase, and acetylcholinesterase (AchE) of leaf and stem parts of white and red amaranths were investigated in our present study.
The in vitro anti-oxidative activities including free radical scavenging effect, ferrous ions (Fe 2+ ) chelating effect and reducing power were examined. Glycative stress due to the overproduction of glycative products is an important pathological contributor for the progression of diabetes or Alzheimer's disease (AD) because glycative products activate many signaling pathways and exacerbate oxidative and inflammatory injury (Rowan, Bejarano, & Taylor, 2018) . α-Amylase and α-glucosidase are involved in glucose metabolism. Increased activity of these enzymes impairs glycemic control and promotes the development of diabetes (Tundis, Loizzo, & Menichini, 2010) . The inhibition upon pancreatic lipase is a target for developing agent(s) to prevent or ameliorate obesity (Guo, Liu, Cai, Wang, & Ji, 2016) because this enzyme analyzes triglycerides into fatty acids and glycerol in the gastrointestinal tract. When the activity of this lipase is limited, triacylglycerol fails to pass cross the intestinal brush border membrane, and subsequently, the uptake of triacylglycerol into the human body is lowered. AchE is a major neurotransmitter responsible for synaptic transmission, and AchE is the key enzyme in charge of acetylcholine hydrolysis (McHardy, Wang, McCowen, & Valdez, 2017) . The raised AchE activity in the brain decreases acetylcholine level, which is highly related to the pathogenesis of AD (Kračmarová, Drtinová, & Pohanka, 2015) . Thus, any agent(s) with the abilities to attenuate oxidative and glycative stresses as well as decrease the activity of α-amylase, α-glucosidase, lipase, and AchE might be able to ameliorate the development of diabetes, obesity, and AD.
A. gangeticus L. is considered as a synonym of Amaranthus tricolor L. (Sarkar et al., 2009 ). However, A. tricolor was usually treated as a leafy vegetable (Kushwaha, Chawla, & Kochhar, 2014) , and those authors used only the leaf part of A. tricolor for their studies. Thus, it is doubtful that A. gangeticus is identical as A. tricolor because the stem part of the former is edible. In our present study, the pictures of white and red amaranths are shown in order to clearly indicate which plant foods we used. Aqueous extract was used for all measurements because it is easily prepared, without chemical residue and high safety for future applications.
Materials and methods

Materials
Fresh white amaranth and red amaranth, harvested in summer, 2016, were purchased from farms in Nanton County, Taiwan. Leaf part and stem part were separately collected. There were four groups, leaf part of white amaranth (WL), stem part of white amaranth (WS), leaf part of red amaranth (RL) and stem part of red amaranth (RS), for experiments. Each part at 50 g was chopped, and mixed with 200 mL sterile distilled water. After homogenizing in a Waring blender, the homogenate was maintained at 25°C for 12 hr. After filtrating through a filter paper, the aqueous extract was collected and processed to powder by freeze-drying.
Analyses of phenolic acids, flavonoids, anthocyanins, and carotenoids
The levels of total phenolic acids and total flavonoids were analyzed by the methods of Sarker and Oba (2018) . The content of total phenolic acids was expressed as mg gallic acid equivalents/100 g dry weight, and the content of total flavonoids was expressed as mg quercetin equivalents/100 g dry weight. Total anthocyanins content was determined by a pH differential method, and expressed as mg cyanidin-3-glucoside equivalent/100 g dry weight (Huang & Lai, 2016) . The content of total carotenoids was detected according to the method of Craft (1992) via a UV-Vis spectrophotometer and expressed as mg lutein equivalents/100 g dry weight. The content of total phenolic acids and total anthocyanins was analyzed to standardize the used aqueous extracts for all measurements of nutritional benefits.
Assays of 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity and ferrous ions chelating effect
Aqueous extract at 0.25, 0.5 or 1 mg was mixed with 500 μL of 60 μM DPPH ethanolic solution and 500 μL distilled water. After keeping at room temperature for 30 min, the absorbance was measured via a microplate reader at 540 nm (Kitts, Wijewickreme, & Hu, 2000) . Ascorbic acid was used as a positive control for DPPH scavenging activity. Data are shown as ascorbic acid equivalent (AAE)/g dry weight. The iron-chelating effect of aqueous extract was determined according to the method of Le, Chiu, and Ng (2007) . Aqueous extract at 0.25, 0.5 or 1 mg was mixed with a 2 mL solution containing 30 mM hexamine, 9 mM ferrous sulfate and 30 mM potassium chloride. After keeping at room temperature for 10 min, the sample was mixed with 200 μL of 1 mM tetramethyl murexide. Control groups had no test extract. After further keeping for 3 min at 25°C, the absorbance at 485 nm was recorded. EDTA at 1 mg was used to compare the iron-chelating capability of test aqueous extract. Results were shown as % of EDTA.
Assays of xanthine oxidase (XO) inhibition and reducing power
Aqueous extract at 0.25, 0.5 or 1 mg was mixed with 1 mL distilled water. Control groups were distilled water only. One-milliliter sample was further mixed with 1 mL solution containing 100 μM xanthine and 0.4 U/mL XO. After keeping at room temperature for 5 min, the generation of uric acid was assayed by measuring the variation of absorbance at 295 nm. The XO activity inhibition (%) was calculated by the formula (A control -A sample )/A control x 100. Reducing power was assayed via the method of Hue, Boyce, and Somasundram (2012). Aqueous extract at 0.25, 0.5 or 1 mg was mixed with a solution consisting of 1 mL of 1% potassium ferricyanide and 1 mL of 200 mM PBS (pH 6.6). After incubating for 20 min at 50°C, the sample was further mixed with 1 mL of 10% TCA and followed by centrifugation for 10 min at 650x g. The supernatant was collected and mixed with 1 mL of 0.1% ferric chloride and 1 mL of deionized water. The absorbance (Abs) at 700 nm was recorded and reported.
Evaluation of anti-glycative effect
The anti-glycative effect of aqueous extract was evaluated by using the BSA-fructose assay according to the method reported in Ma et al. (2015) . Aqueous extract at 0.25, 0.5, or 1 mg was added into 2 mL sterilized distilled water, and followed by mixing with glycation reaction mixture consisted of 100 mM D-fructose and 10 mg/mL BSA. After incubated for 21 days at 37°C, intrinsic fluorescence was measured at 360 nm and 435 nm for excitation and emission, respectively. Aminoguanidine (AG), an anti-glycative agent, at 50 μg/mL, was used as the positive control.
Measurement of α-amylase and α-glucosidase inhibition
The inhibitory effects of aqueous extract upon α-amylase and α-glucosidase activities were measured according to the method of Kazeem, Adamson, and Ogunwande (2013) . For α-amylase inhibition, aqueous extract at 0.25, 0.5, or 1 mg was added into 2 mL PBS (20 mM, pH 6.9). Subsequently, the sample was further mixed with 2 mL αamylase (0.5 mg/mL) and followed by incubating for 30 min at room temperature. Then, 2 mL of 1% soluble potato starch was added as substrate and followed by incubating for another 10 min. The reaction was terminated by adding 2 mL of 1% dinitrosalicylic acid. After heating for 5 min at a boiling water bath, an orange red color was developed. For α-glucosidase inhibition, all steps were similar, but αamylase was replaced by α-glucosidase, and 2 mL of 3 mM p-nitrophenyl glucopyranoside was used as substrate. After incubating for 20 min at 37°C, the reaction was terminated by adding 2 mL of 100 M Na 2 CO 3 . The absorbance was read at 550 and 405 nm, respectively, for measuring α-amylase and α-glucosidase activities. PBS buffer at 2 mL was used as controls, and a sample without adding enzyme was used to determine the basal level of reducing sugar presented in the sample. The % inhibition of α-amylase or α-glucosidase was calculated as follows (A control -A sample )/A control x 100.
Assay of lipase inhibition
The inhibitory effect of aqueous extract against lipase was assayed according to a method described in de Camargo, Regitano-d'Arce, Biasoto, and Shahidi (2016) . Lipase could convert p-nitrophenyl butyrate (p-NPB) to p-nitro-phenol and produce a yellow color, which could be monitored in order to quantify the extent of lipase activity. p-NPB at 5 mM was prepared in DMSO. A solution of type 2 porcine pancreatic lipase was prepared at 5 mg/mL in distilled water, and followed by centrifugation at 10,000x g for 5 min. The supernatant was used as an enzyme solution. Each extract at 0.25, 0.5 or 1 mg was dissolved in 1 mL 10% DMSO and further mixed with 50 μL enzyme solution and 500 μL Tris-HCl buffer (pH 7.4). After incubation for 15 min at 37°C, 30 μL p-NPB was added and followed by further incubation for 25 min at 37°C. After the sample was cooled for 2 min, the absorbance was read by using a microplate reader. Orlistat at 1 mg was used as the positive control. Inhibition % was presented as a percentage of Orlistat.
Determination of ache inhibition
The inhibitory effect of aqueous extract upon AchE activity was determined by an acetylcholinesterase assay kit (BioVision, Milpitas, CA, USA). Aqueous extract at 0.25, 0.5, or 1 mg was added into 2 mL PBS (20 mM, pH 6.9). Then, 100 µL sample and 100 μL assay buffer were mixed, followed by adding 100 µL of the reaction mixture. Donepezil hydrochloride (DH) at 1 mg was used as a positive control for AchE inhibitory activity. After incubation for 20 min at 37°C, the absorbance was measured by using a microplate reader at 570 nm (PowerWave XS; Bio-Tek Instruments, Winooski, VT, USA). Inhibition % of AchE activity was calculated as follows (A control -A sample )/A control × 100.
Statistical analyses
Each value was obtained from eight different preparations (n = 8). Data were reported as means ± standard deviation (SD). Statistical analyses were handled by one-way analysis of variance, and processed by using SAS (SAS Institute, Cary, NC, USA). Least Significance Difference Test was performed to determine the differences among means. It was considered as significant when P < 0.05.
Results
Phytochemical profiles
As shown in Table 1 , white amaranth had more total phenolic acids than red one (P < 0.05). The content of total flavonoids in four examined aqueous extracts was similar (P > 0.05). The content of total anthocyanins followed the order, RL >RS >WL = WS (P < 0.05). The content of total carotenoids followed this order: RL>RS>WS = WL (P < 0.05).
Anti-oxidative and anti-glycative effects
As shown in Table 2 , each aqueous extract at test doses displayed DPPH scavenging effect, Fe 2+ chelating effect, XO inhibition, and reducing power (P < 0.05), in which dosedependent manner was presented in scavenging effect, Fe 2+ chelating effect and reducing power (P < 0.05). When each aqueous extract at 1 mg was used, RL exhibited greater activities in scavenging DPPH, chelating Fe 2+ , inhibiting XO and reducing power than other aqueous extracts (P < 0.05). As shown in Figure 2 , the anti-glycative effects of aqueous extracts prepared from RL and RS dose-dependently increased (P < 0.05), in which aqueous extracts at 0.5 mg were greater than 20%, and at 1 mg were greater than 40% when compared with AG (P < 0.05).
Inhibitory effects upon α-amylase, α-glucosidase, lipase, and ache
The inhibitory effects of WL, WS, RL, and RS upon α-amylase and α-glucosidase activities dose-dependently increased from 0.25 to 1 mg (Figure 3 , P < 0.05). When 1 mg was tested and compared, the anti-α-amylase activity followed Table 1 . Content (mg/100 g dry weight) of total phenolic acids, total flavonoids, total anthocyanins, total carotenoids in aqueous extracts prepared from leaf part of white amaranth (WL), stem part of white amaranth (WS), leaf part of red amaranth (RL) and stem part of red amaranth (RS). Data were expressed as mean ± SD (n = 8).
Tabla 1. Contenido (mg/100 g de peso seco) de ácidos fenólicos totales, flavonoides totales, antocianinas totales, carotenoides totales en extractos acuosos preparados a partir de la hoja de amaranto blanco (WL), el tallo de amaranto blanco (WS), la hoja de amaranto rojo (RL) y el tallo de amaranto rojo (RS). Los datos se expresan como media ± DE (n = 8).
WL WS RL RS
Total phenolic acids 1418 ± 80 b 1662 ± 173 b 1004 ± 98 a 1135 ± 56 a Total flavonoids 913 ± 45 a 983 ± 71 a 1081 ± 84 a 960 ± 62 a Total anthocyanins 749 ± 142 a 690 ± 63 a 2285 ± 77 c 1837 ± 108 b Total carotenoids 344 ± 20 a 406 ± 23 a 923 ± 42 c 760 ± 58 b a-c Values among columns without a common letter differ, P < 0.05. a-c Los valores entre columnas sin una letra común difieren, P < 0,05. Table 2 . Anti-oxidative activities of aqueous extracts prepared from leaf part of white amaranth (WL), stem part of white amaranth (WS), leaf part of red amaranth (RL) and stem part of red amaranth (RS). Data were expressed as mean ± SD (n = 8).
Tabla 2. Actividades antioxidantes de extractos acuosos preparados a partir de la hoja de amaranto blanco (WL), el tallo de amaranto blanco (WS), la hoja de amaranto rojo (RL) y del tallo de amaranto rojo (RS). Los datos se expresan como media ± DE (n = 8). 3. Efectos inhibidores de extractos acuosos preparados a partir de la hoja de amaranto blanco (WL), el tallo de amaranto blanco (WS), la hoja de amaranto rojo (RL) y el tallo de amaranto rojo (RS) en α-amilasa y α-glucosidasa. Los datos se expresan como media ± DE (n = 8). a-f Los valores entre las barras sin una letra en común difieren, P < 0,05.
the order: RL >RS = WS >WL (P < 0.05); and the anti-αglucosidase activity followed the order: RL >RS = WL >WS (P < 0.05). The inhibitory effects of each extract upon pancreatic lipase activity dose-dependently raised from 0.25 to 1 mg (Figure 4 , P < 0.05). When 1 mg was tested and compared, the anti-lipase activity was 20-68% of ORL and followed the order: RL = RS >WS > WL (P < 0.05). As shown in Figure 5 , the anti-AchE effects of four test aqueous extracts at 3 doses were 18-66% of DH. Each test aqueous extract increased its anti-AchE activity from 0.25 to 1 mg (P < 0.05). When 1 mg was tested, the anti-AchE activity followed the order: RL = WS > RS = WL (P < 0.05).
Discussion
Both white and red amaranthus are popular vegetables consumed in Asian countries. The results of our present study revealed that stem and leaf parts of these two plant foods were rich in phytochemicals including phenolic acids, flavonoids, anthocyanins, and carotenoids. Furthermore, these aqueous extracts displayed anti-oxidative, antidiabetic, anti-AchE and anti-glycative activities. These observed bio-activities might be due to the presence of certain component compounds or the interactions between multiple component compounds. These novel findings suggest that these two vegetables through their phytochemical ingredients could be applied to prevent or attenuate diseases like diabetes and AD. Further in vivo studies are necessary to verify these anti-diabetic and anti-AD effects of these two vegetables.
It has been documented that dietary phenolic acids and flavonoids including gallic acid, ellagic acid, quercetin, or rutin could provide many health benefits (Adefegha, 2018) . The prevention of these two groups of phytochemicals upon hypertension, diabetes, and cancers has attracted a lot of attention (Huang, Davidge, & Wu, 2013; Kalita, Holm, LaBarbera, Petrash, & Jayanty, 2018) . Our data indicated that both white and red amaranthus contained phenolic 4. Efectos anti-lipasa de extractos acuosos preparados a partir de la hoja de amaranto blanco (WL), el tallo de amaranto blanco (WS), la hoja de amaranto rojo (RL) y el tallo de amaranto rojo (RS). Para efectos de comparación, se usó orlistat (ORL) a 1 mg. Los datos se expresaron como media ± DE (n = 8). a-g Los valores entre las barras sin una letra en común difieren, P < 0,05. Figura 5. Efectos anti-AchE de extractos acuosos preparados a partir de la hoja de amaranto blanco (WL), el tallo de amaranto blanco (WS), la hoja de amaranto rojo (RL) y el tallo de amaranto rojo (RS). Para fines de comparación, se usó hidrocloruro de donepezilo (DH) a 1 mg. Los datos se expresan como media ± DE (n = 8). a-f Los valores entre las barras sin una letra en común difieren, P < 0,05. acids and flavonoids. These results suggest that these two vegetables are good food sources of these two groups of phytochemicals. The detected anthocyanins in stem and leaf parts of red amaranthus explained its purple-red color. It is indicated that anthocyanins such as malvidin and petunidin offered cardioprotective effects by promoting the defensive activities of endogenous anti-oxidative elements (Wei et al., 2017) , and ameliorate photooxidation of autofluorescent pigments in retinal pigment epithelial cells by quenching singlet oxygen (Jang, Zhou, Nakanishi, & Sparrow, 2005) . Since red amaranthus was rich in anthocyanins, the intake of this vegetable might increase the bio-available anthocyanins, and further protect heart and eyes. On the other hand, a clinical study revealed that supplements of carotenoids such as astaxanthin or lutein improved glycemic control and blood pressure management in diabetic patients (Mashhadi et al., 2018) , and protected the brain against ischemia/reperfusion injury (Li et al., 2012) . Because red amaranthus contained substantial level of carotenoids, the consumption of this vegetable might increase the available carotenoids in circulation and organs, which in turn benefits diabetic management.
We found that four aqueous extracts exhibited nonenzymatic anti-oxidative activities including free radical scavenging effects and reducing power. Based on the detectable phenolic acids, flavonoids, anthocyanins, and carotenoids in leaf and stem parts of both vegetables, it seems reasonable to observe the anti-oxidative effects of these aqueous extracts because the anti-oxidative activities of some phytochemicals are already well known. Glycation favors the development of diabetes and AD because the glycative products promote oxidative and inflammatory reactions in circulation and organs, which in turn facilitate the deterioration of diabetes and AD (Rowan et al., 2018) . We found that leaf and stem parts of red amaranthus had more anthocyanins and carotenoids than white amaranthus, and displayed marked anti-glycative activity. In fact, the antiglycative effects of pelargonidin, an anthocyanin, and astaxanthin, a carotenoid, have been reported (Roy, Sen, & Chakraborti, 2008; Sun et al., 2011) . Thus, it is possible that the observed anti-glycative effects of red amaranthus were due to the presence of anthocyanins and carotenoids. These results suggest that these aqueous extracts via suppressing oxidative and glycative response could prevent or ameliorate oxidative and glycative stress-associated diseases such as diabetes and AD.
α-Amylase catalyzes long-chain carbohydrates to small carbohydrates. α-Glucosidase presented in small intestine catalyzes carbohydrate to glucose. The inhibition upon these two enzymes may decelerate the production of postprandial blood glucose, which in turn ameliorates hyperglycemia. We found that four test aqueous extracts could limit the activity of both α-amylase and α-glucosidase, in which leaf part of red amaranthus displayed the greatest inhibitory effects upon these two enzymes. These findings implied that these two vegetables might benefit glycemic control by suppressing the activity of α-amylase and α-glucosidase. It has been reported that polyphenolic compounds and flavonoids could inhibit the activity of these two enzymes (Kalita et al., 2018; Li et al., 2018) . In addition, Różańska and Regulska-Ilow (2018) reported that anthocyanins could improve insulin secretion and decrease insulin resistance. Since four aqueous extracts tested in our present study also contained these phytochemicals, the observed antidiabetic potent of these aqueous extracts could be partially explained. Pancreatic lipase is responsible for catabolizing exogenous and endogenous lipids to fatty acids and glycerol, which subsequently pass through intestinal brush border and increase the available lipids for the human body. The limitation upon the activity of this enzyme may slow down intestinal lipid catabolism and decrease lipid availability, and contribute to alleviate obesity and diabetes (Buchholz & Melzig, 2016) . Our data indicated that the aqueous extracts from both white and red amaranthus had substantially inhibitory effects upon lipase activity when compared with orlistat. These data indicated that both white and red amaranthus could attenuate hyperlipidemia or steatosis via restricting lipase activity. AchE hydrolyzes acetylcholine, a neurotransmitter, to choline and acetic acid. The increased AchE activity in the brain leads to decrease available acetylcholine for brain functions, and promotes AD pathogenesis. The inhibitory effects of phenolic acids and flavonoids upon AchE activity have been reported (Choi et al., 2016; Szwajgier, Baranowska-Wojcik, & Borowiec, 2018) . Since the aqueous extracts from both white and red amaranthus had substantial levels of phenolic acids and flavonoids, it seems reasonable to observe their suppression on AchE activity.
In conclusion, white and red amaranthus were rich in phytochemicals including phenolic acids, flavonoids, anthocyanins, and carotenoids. The aqueous extracts prepared from leaf and stem parts of these two amaranthus exhibited several anti-diabetic and anti-AchE potentials. These findings suggested that these two vegetables could be developed as functional foods for diabetic prevention and/or attenuation.
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